Summary. The hypothalamus of adult male mice was investigated with the electron microscope. In all hypothalamic nuclei examined the nerve cells frequently contained nucleolus-like inclusion bodies in the cytoplasm. These inclusion bodies appeared to be composed of the same constituent particles as those of the intranuclear nucleolus. This permits consideration of their probable nuclear origin. The accessory nucleolus, tentatively named in the present paper, appearing to consist of nucleolar material with the association of chromatin was frequently encountered attached to the nuclear membrane and sometimes located at evaginated portions of the nucleus. Moreover, near the nucleus in the cytoplasm, inclusion bodies showing a close resemblance in appearance to the accessory nucleolus except for the absence of the association of chromatin particles were observed to be enveloped with a double membrane probably derived from the nuclear envelope. From these results, it was concluded that the direct translocation of the nucleolar substance of accessory nucleoli into the cytoplasm with an investment of a double nuclear membrane may be possible in nerve cells of the mouse hypothalamus.
Intracytoplasmic
nucleolus-like inclusion bodies have been reported repeatedly as occurring in various kinds of cells (cf. GRILLO, 1970) . They have also been frequently observed in nerve cells, i.e. in the rat sympathetic ganglia (GRILLO, 1970) and in the rat hypothalamic nuclei (BACHRACH, 1957; SAKAI, 1964; KAWABATA, 1965; SHIMIZU and ISHII, 1965) . Such inclusion bodies have been assumed to derive from the intranuclear nucleolus, but no direct morphological evidence has been offered. During the course of ultrastructural studies on the mouse hypothalamic nuclei, the present authors have frequently observed nucleolus-like inclusion bodies in nerve cells and further obtained some figures suggestive of a process of nucleolar extrusion. Thus a possible mechanism for the translocation of nucleolar material into the cytoplasm will be proposed in the present paper.
Material and Methods
Healthy, adult male SMA strain mice (about 100 days old) were perfused under ether anesthesia from the left ventricle with a formaldehyde-glutaraldehyde fixative (KARNOVSKY, 1965) for 10 minutes.
The brains obtained were frontally sliced about 0.5mm in thickness and then left in immersion in the same fixation medium for 3 hours. The tissue slices were washed overnight in a 0.1M phosphate buffer solution containing 7% sucrose. Postfixation was done with 1% OsO4 (Veronal buffer, pH 7.4) for 2 hours. Specimens were then dehydrated with graded acetone solutions and embedded in Epon 812. Thick sections stained with toluidine blue (YAMAMOTO, 1963) were observed with a light microscope for the identification of the hypothalamic nuclei. Thin sections were cut on a Porter Blum MT-1 ultramicrotome equipped 199 with glass knives.
They were stained with uranium and lead (SATO, 1968) and observed with a JEM T-7 electron microscope.
Results
In all hypothalamic nuclei examined (nuclei supraopticus, paraventricularis, preopticus medialis, suprachiasmaticus, hypothalamicus anterior, dorsomedialis, ventromedialis and infundibularis), the nerve cells frequently contained nucleoluslike inclusion bodies in the cytoplasm. Before describing their fine structure, for the sake of comparison, the structural detail of the normal intranuclear nucleolus will first be mentioned. According to recent reports (MARINOZZI and BERNHARD, 1963; MARINOZZI, 1964; BERNHARD, 1966; BERNHARD and GRANBOULAN, 1968) The latter component shows a structure similar to cytoplasmic ribosomes (UNUMA, 1969) . The intranuclear nucleolus observed in the present study, in common with these reports, showed a network of nucleolonemata, among which the so-called pars amorpha and some vacuolar spaces were embedded ( Fig. 1, 2 , 3). At higher magnifications the fibrillar and granular components were easily differentiated and the so-called pars amorpha was found to be composed mainly of the fibrillar component (Fig. 3) . These granular commonly seen in hypothalamic nerve cells (Fig. 3, 4 , 5).
Though not frequent, near the nucleus in the cytoplasm, inclusion bodies were encountered enveloped with a double membrane surrounding a horseshoe-shaped narrow clear space (Fig. 6 ). These bodies were round or oval in shape and were wrapped with a double membrane as the lung is by the pleura. One pole of the inclusion body was free of the membrane envelope, being continuous with the cytoplasmic matrix, and directed toward the nucleus. These bodies appeared to be composed of the granular and fibrillar components of the nucleolus, showing a similarity in appearance to the accessory nucleolus seen at evaginated portions of the nucleus (Fig. 4, 5, 6 ). But the absence of the association of chromatin particles was observed in these inclusions, differing from the case of the accessory nucleolus. The inner sheet of the envelope was closely applied to the inclusion body and the outer one was embraced by some ribosomes on the cytoplasmic side. The horseshoe-shaped narrow space was found to be structureless and electron lucent and was more or less wider than the perinuclear space. At some places on the outer membrane a deteriorated appearance was found. This will be discussed later.
On the other hand, the nucleolus-like inclusion bodies free in the cytoplasm were rounded or elongated in shape and variable in size (0.8 to 2.0 microns or more in their largest diameter) (Fig. 1, 7) . They had no limiting membrane. They did not show Fig. 6 . A nucleolus-like inclusion body (IB) is surrounded with a double membrane. The inner sheet of the membrane is closely applied to the inclusion body and the outer one is embraced by some ribosomes. One pole of the inclusion body free of the membrane envelope is directed toward the nucleus (N).
any particular localization, being sometimes near the nucleus, sometimes near the cell membrane and sometimes in the vicinity of the Golgi zone, endoplasmic reticulum or mitochondria. These inclusion bodies were less electron dense than the usual cellorganelles and more or less homogeneous in appearance (Fig. 1) . They appeared to be composed of the fibrillar and granular components as in the nucleolus, although their constituent particles were coarsely arranged when compared with those of the intranuclear nucleolus (Fig. 7) . Around these bodies ribosomes were usually found in association, revealing a close resemblance in morphology to the granular component of the nucleolus.
Discussion
The intracytoplasmic nucleolus-like inclusion body has been frequently observed in nerve cells (BACHRACH, 1957; Sakai, 1964; KAWABATA, 1965; SHIMIZU and ISHII, 1965; GRILLO, 1970) . In the present observations the inclusion bodies had no limiting membrane, being free in the cytoplasm. They were less electron dense than the usual cell-organelles and looked like a homogeneous aggregation of fine filaments. At higher magnifications they appeared to be composed of the same constituents, though different in arrangement, as those of the intranuclear nucleolus. One cannot believe that these bodies can be anything else but nucleolar material at our present state of knowledge.
Such inclusion
bodies have been assumed to originate from the intranuclear Fig. 7 . A nucleolus-like inclusion is free in the cytoplasm. Around the body ribosomes are dispersed.
They show a quite close similarity in size, shape and density to the granular structures of the inclusion body. Nucleus infundi-nucleolus. However the process of their migration or extrusion from the nucleus has not yet been confirmed morphologically.
In oocytes KESSEL and BEAMS (1963) suggested that their extrusion finally occurs by a focal dissolution of the nuclear membrane.
A similar assumption was expressed by WESSING (1965) in Drosophila Malpighian tubule cells and by SHIMIZU and ISHII (1965) in nerve cells of the rat hypothalamus.
On the other hand, SZOLLOSI (1965) reported on the nucleolar extrusion being accompanied by the nuclear membrane in rat egg cells. In the present observations, large aggregations of particulate substances contiguous with the nucleolus proper appeared to be composed of the same components as those of the nucleolus with the association of chromatin particles.
In the light of recent concepts on RNP synthesis, it seems that these structures are derived from or elaborated by the nucleolonema and/or pars amorpha under the association of chromatin.
Thus they are tentatively named "accessory nucleolus." Accessory nucleoli were very frequently encountered attached to the nuclear membrane and appearing at invaginated and/or evaginated parts of the nucleus.
Though rarely, some cytoplasmic inclusion bodies were found to be enveloped with a double membrane.
The inner sheet of the membrane was applied closely to the inclusion body and the outer one was embraced by some ribosomes on the cytoplasmic side. Thus, it is plausible that the double membrane originates from the nuclear envelope. Moreover, the internal structure of these inclusion bodies showed a close resemblance to that of the accessory nucleolus mentioned above except for the absence of any association with chromatin particles. From these observations, translocation of the accessory nucleolus into the cytoplasm, leaving the chromatin particles within the nucleus, may be an acceptable explanation. That such inclusion bodies enveloped by a double membrane were only rarely observable may imply a marked rapidity of their extrusion process.
After the translocation, the nucleolar material may become free in the cytoplasm by rapid disintegration and disappearance of its envelope. Thus, a deteriorated appearance seen in the outer sheet of the double membrane may be a manifestation of a degenerative process rather than a fixation artifact.
From the present results, a possible sequence of processes of nucleolar migration may be as follows. 1) The accessory nucleoli probably derived from the nucleolus proper attaches to the nuclear membrane by active or passive migration.
2) They are brought to the evaginated portion of the nucleus by an infolding of the nuclear envelope.
3) Leaving the chromatin particles within the nucleus, the nucleolar material of the accessory nucleoli is then pushed out into the cytoplasm by a constriction and then amputation of the nuclear membrane at the base of the evaginated portion.
4) The reconstitution of the nuclear membrane and the degradation of the envelope of the inclusion body proceeds rapidly.
Thus the inclusion body becomes free in the cytoplasm. 5) During and after these processes, a loosening or a rearrangement of the constituent particles occurs within these nucleolar materials.
